We present a spin density functional theory (DFT) study for semiconducting ScN and Mn- 
I. INTRODUCTION
With the emergence of the spintronic field, the search of new dilute magnetic semiconductors (DMS) and materials for spin injection is of great interest. Currently, the doped III-V semiconducting nitrides, such as GaN and InN, by magnetic transition metal atoms (Cr, Mn, Fe ...etc) constitute promising candidates due to their predicted high (room) Curie temperature [1] . However, major experimental limitations exist in this domain, such as low solubility of the magnetic dopant for DMS which is related to the different crystal strcutures (between the host and the dopant) or the mismatch in resistivity for spin injection when a metallic ferromagnet and a semiconductor are joined together [2, 3] . For the cited applications, the late transition mononitrides, which have a metallic character, i.e. MnN, FeN and CoN, have recently attracted much interest (see [4] and reference therein). On the other side, the early ScN, TiN and VN nitrides, well known to crystalize in rocksalt (RS) strcuture, were largely explored for their thermal and mechanical properties [5] . However, recent progress in synthesis of stoichiometric pure ScN have reopened the debate about this nitride, especially for a possible use in the applications cited above. Early experiments reported ScN to be a semimetal [6] , confirming the results [7] of density-functional theory (DFT) calculations within the local density approximation (LDA) [8, 9] . More recently, however, other experimental studies, by means of optical absorption, have found it as an indirect band gap semiconductor [10, 11, 12, 13] where a value of 0.9 eV was given by Al-Brithen et al [13] . After that and in order to overcome the well known drawbacks of the LDA in (under)estimating the gap, several other theoretical investigations, using more accurate approximations going beyond the local density one, have been undertaken to explore ScN electronic structure [14, 15, 16, 17] . Based on ideas of GW approwimation [18] , Lambrecht [14] found an indirect Γ-X gap for both GdN and ScN, with a value of 0.9 eV for the latter. A full-potential calculation, using the screened-exchange local density (sX-LDA), has shown that bulk ScN [16] , as well as in thin films [19] , is also semiconducting with an indirect gap of 1.58 eV in the bulk. However no gap value was provided from the surface study; nevertheless from the band structure plots, the gap value seems larger than 1.5 eV [19] . Very recently, Qteish et al [20] have theoretically invistigated ScN with pseudopotential calculations, using different approximations for the exchange-correlation effects. With more recent quasiparticle approximation (OEP-cLDA-GW), see [20] and therein cited refer-ences for more details, the authors again arrived at the experimental 0.9 eV gap value. It is important to note that for some authors [16, 20] , the use of the generalized gradient approximation (GGA), with different paramerizations, [21, 22] respectively, has led to a semimetalic character. From the cited works, it is clear that the use of an accurate approximation of the exchange-correlations effects is crucial in predicting the true energy gap, in as far as this is exactly the physical quantity which is being investigated. With a lattice parameter of a = 4.5Å [23, 24, 25] , ScN mononitride is good lattice matched to the wide band-gap GaN semiconductor. Furthermore, its cubic rocksalt structure, like MnN (distorded-rocksalt one) [26] or perhaps FeN [4] , make it very attractive as a possible magnetic semiconductor when doped or substituted by magnetic atoms but. Unfortunately, only few reports are available in the literature. To the best of our knowledge only one recent exprimental study on Sc (1−x) Mn x N was carried out. Al-Brithen et al [27] have incorporated Mn to ScN and obtained Sc (1−x) Mn x N nitrides solid solution up to x=0.25 with a face-centred tetragonal rocksalt-type structure. They found that 'ScMnN' lattice constants a and c follow linear Vegard's law going from pure ScN to pure θ-phase MnN, but no magnetic data were given. On the theoretical side, also the only study of Mn-doped ScN (calculations of 64 atom supercell of rocksalt ScN doped with a single Mn atom on a Sc site) have shown that the Mn atom induces a localized state in the middle of the band-gap with a 2µ B -3µ B magnetic moment [2] .
Due to the lack of data on manganese doped ScN on one hand and in order to provide an improved theoretical insight on the other hand, we carried out a comprehensive spin density functional calculation. In view of the large number of works on pure ScN , its study is briefly included here for sake of comparison and completeness. From this, the main purpose of the present work is the investigation of the electronic and magnetic structures of Sc 0.75 Mn 0.25 N.
Both a cubic rocksalt (RS) and a face centered tetragonal rocksalt (fct-RS type) structures were considered. The structural, electronic and magnetic properties are thus studied by analyzing the calculated electronic structure, total energies and crystal field influence. Our paper will be organized as follows: A description of the computational details is given in section 2. Our results for the calculated total energy and electronic structure of ScN are presented in section 3. Section 4 which is devoted to the Sc 0.75 Mn 0.25 N alloy is divided in two parts: in the first one the magnetic properties are discussed within the framework of the Stoner theory of band ferromagnetism, while in the second one the electronic structure is commented via partial density of states (DOS) and chemical bonding analysis. Finally a conclusion is given in the last section.
II. COMPUTATIONAL DETAILS
The calculations of the present study are performed in the framework of the density functional theory [8, 9] using the generalized gradient approximation (GGA) with the Perdew, Burke and Ernzerhof PBE parameterization for the effects of exchange and correlation [22] .
This parameterization scheme was preferred over the LDA in view of its drawbacks in estimating total energies and lattice constants magnitudes.
The scalar-relativistic augmented spherical wave method (ASW) [28, 29] based on the atomic sphere approximation (ASA) is mainly used. In this method, the wave function is expanded in atom-centered augmented spherical waves, which are Hankel functions and numerical solutions of Schrödinger's equation, respectively outside and inside the so-called augmentation spheres. In order to optimize the basis set, additional augmented spherical waves were placed at carefully selected interstitial sites. The choice of these sites as well as the augmentation radii were automatically determined using the sphere-geometry optimization SGO algorithm [30] . Our choice of radii minimizing the overlap between ASA spheres was as follows: r M n =1.34Å, r Sc =1.36Å, r N = 1.14Å and r ES at ( started with a set of spin-degenerate calculations. Such a configuration is however not relevant to a paramagnet which would only be simulated by a huge supercell entering random spin orientations over the different magnetic sites or alternatively by calling for disordered local moment approach, which is based on coherent potential CPA approximation [31] or for the LDA+DMFT approach [32] . It allows assigning a role to the orbitals responsible of the magnetic instability toward spin polarization in a mean field analysis using the Stoner theory of band ferromagnetism [33] .
Further we examine the bonding using the "Energy of Covalent Bond" (ECOV) criterion [34] which merges both overlap S ij and Hamiltonian H ij (i, j being two chemical species)
analyses to extract chemical bonding characteristics. In ECOV plots along coordinate yaxis, a positive magnitude points to an antibonding character (destabilizing) , whereas a negative value assigns a bonding character (stabilizing) of the bond.
For sake of completeness, we used two other complementary methods by providing the electronic density of states of ScN and an optimized geometry for Sc 3 MnN 4 (i.e., Sc 0.75 Mn 0.25 N) lattice starting from experimental determinations using respectively a full potential LAPW method [35] and a pseudo-potential method [36] .
III. BAND STRUCTURE OF SCANDIUM NITRIDE
The obtained numerical results for the electronic band structure of ScN are summarized in table I together with some data from literature. Our calculated equilibrium lattice constant value of a = 4.5Å is found in agreement with both experimental [23, 24, 25] and theoretical [16] works. The band structure is shown in figs. 1. From fig. 1 -a, the valence band (VB) is dominated by nitrogen and one can count three p-like bands. This is illusttrated by the fat bands character weighted with N-2p states. An indirect Γ-X character of the band gap (∼ 0.54 eV) is in agreement with recent experimental and theoretical reports but its magnitude is lower (see [14] and references therein). This reduced gap magnitude is due to the large dispersion of the bands along the Γ-X-W direction which is generally exaggerated within exchange-correlation functionals based on the electron gas approximation used here. In the conduction band (CB), within an O h -like crystal field, one can actually count 3 bands for the t 2g manifold followed at higher energy by two e g bands. The character of these bands is of Sc-3d nature as shown by the fat bands as illustrated in fig. 1 -b. However one can notice a small Sc-3d weight within the VB which is a signature of the covalent bonding between Sc and N.
Our band structure results are confirmed by the plots of density of states (DOS). in previous study [16] a zero gap was obtained with FLAPW calculations could be due to the different choice of the muffin-tin radii of Sc and N (r Sc /r N =1,7). As it is not the main pupose of our present investigation, the reader is referred to the work of Qteish et al. [20] for more details about ScN and its electronic band structure. 27] . Note that the difference in atomic covalent radii of Sc (1.44Å) and Mn (1.39Å) may allow explaining the observed trend. We found an in-plane a parameter in good agreement with experiment, whereas our out-of-plane one c is somewhat smaller than the reported one.
The structural stability of f ct-RS with respect RS has been further checked using geometry optimization with GGA pseudo-potentials within the VASP method [36] . Relaxation to zero strains confirmed through small energy differences that the tetragonal distortion RS → f ct-RS is energetically favored. is the Stoner integral which, for Mn, is close to 0.43 eV [38] . With n M n (E F )= 9.9 eV −1 , the n(E F ).I value of 4.26 points to an unstable non magnetic state so that a large magnetic moment on the Mn sites should occur when two spin populations are accounted for in the calculations. As a consequence, the obtained ferromagnetic ground state is consistent with the Stoner theory. Expt. g (indirect Γ-X) 0.9 a Ref. [16] b Ref. [16] c Ref. [14] d Ref. [20] e Ref. [20] f Ref. [24, 25] g Ref. [13] 13 
